INTRODUCTION

53
Running is a popular sport, however the prevalence of lower limb injuries has been 54 reported to be between 19% to 79% in long distance runners. (Van Gent et Sennheiser ME66 shotgun microphone (Wedermark, Germany) with a K6 powering 137 module connected to the Vicon Nexus software, sampling at the maximum 24 kHz, 138 was used to collect impact sound data in voltage (V). Impact sound was defined as 139 the peak sound that was created between the runners' foot and the ground during the 140 minimal; the motion analysis laboratory where all the testing was conducted is 150 located in an isolated building, all testing was conducted outside of work hours and a 151 unidirectional microphone was used. 152
153
Procedure
154
Ethical approval was obtained from the institution's Human Research Ethics 155
Committee and all participants provided written informed consent prior to 156
participation. Data collection occurred at the institution's Motion Analysis 157
Laboratory, where participants' measurement of body height and mass, ankle width, 158 leg length, knee width, wrist width, hand thickness, elbow width, and shoulder offset 159 were taken to calibrate the Vicon Plug in Gait system (Oxford Metrics, Inc). Each 160 participant was then fitted with the Vicon full body Plug-in-Gait retro reflective 161 marker set and allowed ten minutes to perform a standardized warm-up. The warm-162 up consisted of five minutes of run throughs, walking lunges, high knees and 163 bounding tasks, with retro-reflective markers in place. This ensured that the 164 participants were familiar with the laboratory environment and the speed of running 165 required in this study. 166
167
Each participant was required to perform a series of barefoot running trials with the 168 instruction to run in a straight line from one marker to another, which were 169 positioned 10 m apart. The runway was a hard surface that consisted of a vinyl sports 170 flooring over concrete and a predominantly aluminium AMTI force platform. The 171 starting marker was positioned so that the participant would strike the force plate 172 with their right foot to achieve a successful trial. However, the participant was not 173 informed of the location of the force plate to avoid them altering their running styleto target it. Running velocity was calculated by tracking the right Anterior Superior 175
Iliac Spine marker using the Vicon system to confirm the participants were running 176 at a velocity of 5.0 ± 0.5 m/s. This running speed was chosen as it has been used in 177 various running studies, as outlined in a systematic review by Schache et al. (2010) . 178
Trials in which the running speed was not achieved or the participant failed to make 179 full foot contact on the force plate were deemed unsuccessful and removed from the 180 sample group. The number of trials was limited to ten per condition and participants 181 were given two minutes rest between trials to avoid fatigue. 182
183
The running task was performed under two different sound conditions: normal and 184 quiet. The normal sound condition was always performed first so that a baseline 185 measurement of running sound could be obtained. For the normal sound condition, 186
the researchers only provided instruction on how to perform the task without any 187 reference to sound as described above. For the quiet sound condition, participants 188 were asked to "perform the task as before but this time make a quieter sound when 189 you land". These instructions were derived from a similar study regarding qualitative the normal and quiet running conditions. 236
237
The within subject reliability of the dependent variables across the five running trials 238 for each of the running conditions was assessed by calculating the intra-class 239 correlation coefficient (ICC 3,5) using a two-way mixed effects model. An ICC value 240 of <0.75 was interpreted as moderate, 0.75-0.89 as high, and ≥ 0.9 as excellent 241 (Landis & Koch, 1977) . 242
243
Individual mean values from the five successful running trials from each sound 244 condition were calculated for each of the dependent variables including; peak impact 245 sound amplitude, peak vGRF, vertical loading rate, contact time, ankle knee and hip 246 angle at initial contact, and peak ankle and knee angle. The normality of these 247 variables were assessed using the Shapiro-Wilk test and all variables were found to 248 be normally distributed. Two separate simple linear regression analyses wereconducted to determine the coefficients of determination (r 2 ) between; peak impact 250 sound amplitude and peak vGRF, and peak impact sound amplitude and vertical 251 loading rate. A series of paired samples t-tests were then conducted to determine if 252 there were any within-subject differences in the dependent variables between the 253 normal and quiet running conditions. The alpha level was set to p < 0.05 for all 254 analyses. 255 
Difference in sound, kinematics and kinetics between running conditions
300
The paired samples t-tests demonstrated that peak sound amplitude (mean difference 301 = 9.1 dB, p < 0.001), peak vGRF (mean difference = 0.2 BW, p = 0.001), and 302 vertical loading rate (mean difference = 275.1 BW/sec, p < 0.001) were significantly 303 lower during the quiet running condition compared with the normal running 304 condition (Table 2 ). Figure 3 shows the time-normalized ankle, knee and hip joint 305 sagittal motion during the stance phase of running under the two sound conditions. 306
Ankle angle changed from 0.2° dorsiflexion at initial contact during normal running 307 to 8.6° plantarflexion during quiet running (p < 0.001, Table 2 ) and hip flexion at 308 initial contact was greater in the normal compared to the quiet condition (mean 309 difference = 2.2˚, p = 0.039, Table 2 ). Peak ankle dorsiflexion (mean difference = 310 3.5˚, p = 0.001) and peak knee flexion (mean difference = 2.6˚, p = 0.014) angles 311 were significantly reduced in the quiet condition compared with the normal running 312 condition. There was no significant difference in contact time (p = 0.712) and knee 313 angle at initial contact (p = 0.883), between the normal and quiet running conditions 314 RFS technique and exhibited the vGRF profile and lower limb kinematics to support 323 this. However, despite the significant effect running quietly has on an individual's 324 vGRF and vertical loading rate, this effect cannot be generalized. We found weak 325 and mostly insignificant correlations between peak impact sound and peak vGRF 326 and vertical loading rate. Therefore, a quieter impact sound is not directly associated 327 with a lower peak vGRF or vertical loading rate. significant relationship where the current study did not may be that they combined 335 the results of their three sound conditions into one regression model rather than 336 conducting individual analyses. The contrasting findings may also be owing to the 337 fact that running is a more complex motor skill than drop-landing. Additionally, the 338 participants in the current study had not received any formal running coaching; it is 339 therefore likely that individual technique variation existed between trials. However, 340 despite the fact participants were not highly trained runners, intra-class correlation 341 coefficients (Table 1) and the results of the current study suggest that this may be effective. Although, 376 while this study found that an imposed non-RFS technique initially produces a 377 quieter sound than a habitual RFS, whether this effect is long term and whether a 378 habitual non-RFS is quieter than a habitual RFS is unknown. It is also important to 379 note that not all habitual RFS participants changed to a non-RFS when asked to run 380 quietly yet were still able achieved a reduction in impact sound, peak vGRF and 381 vertical loading rate. Changing foot strike technique is therefore not the only 382 mechanism for reducing these variables. How participants who did not change 383 technique reduced impact sound warrants further investigation. 384
385
Participants in this study ran barefoot in both the normal and quiet conditions, this 386 was enforced in order to control for variable shoe cushioning and support 387 characteristics. A possible limitation of barefoot running however is the difference in 388 tissue composition between the heel pad and forefoot, which may alter the impact 389 sound. Although as mentioned previously not all participants changed to a non-RFS 390 when asked to run quietly yet still reduced their impact sound suggests that the 391 influence of varied foot composition was minimal. Future research should 392 investigate if the results of this study are repeatable when wearing shoes and on 393 varied surfaces. Softer surfaces (such as grass) and shoe midsole cushioning will 394 increase the time over which contact occurs and therefore vertical loading rate may 395 be reduced, which based on the findings of the current study we postulate will also
398
This study was conducted in a laboratory setting where background noise was 399 minimal and the sound created at foot contact during both the normal and quiet 400 running conditions was clearly audible to the assessor and the shotgun microphone 401 collected clean raw data. While the authors feel that the laboratory nature of the 402 study allowed for the collection of quality data they acknowledge that the findings 403 may be limited to a metallic surface (force platform). The results may also be limited 404 to amateur male barefoot runners running at 5.0 m/s. It is very likely that different 405 surfaces, footwear, speeds and running ability will alter the impact sound amplitude. 406
We postulate that due to the effect of speed on vGRF (Hamner & Delp, 2013) when 407 individuals run slower they will generate a quieter impact sound and when they run 408 faster (whilst maintaining a habitual RFS) a louder sound. Based on our results we 409 believe this will be an individual response and not a general relationship. 
